Abstract Study was conducted to evaluate the antioxidative activity of methanolic (ME), ethanolic (EE) and butanolic extracts (BE) of selected gourd vegetables. The antioxidant activity was investigated using different assays namely ferric thiocyanate test (FTC), thiobarbituric acid test (TBA), ferric reducing antioxidant power (FRAP) and DPPH free radicals scavenging test. A densitometric HPTLC analysis was performed for the analysis of phenolic acids and flavonoids. Different extracts of the selected gourd vegetables revealed different antioxidant activity. Different extracts of Lagenaria siceraria, Momordica charantia and Luffa cylindrica revealed significantly higher (p < 0.05) concentrations of total phenols, flavonids, tannins and carotenoids content and also the antioxidant activity in comparison to remaining vegetable extracts. Correlation studies indicated that FRAP test best described the antioxidant activity of phenols, flavonoids and carotenoids (r = 0.854, 0.692 and 0.915 respectively). HPTLC profiles revealed the presence of maximum number of phenolic acids and flavonoids in L. siceraria and M. charantia.
Introduction
Fruits, vegetables and other plant based foods contains significant amount of bioactive compounds such as phenolic acid, flavonoids, tannins, alkaloids, saponins, terpenoids etc. that can provide desirable health benefits beyond basic nutrition. These naturally occurring compounds have attracted great attention from the scientific community for their antioxidant properties and their implication in a variety of biological mechanisms at the base of degenerative processes (Kaur and Kapoor 2001) . Phenolic compounds have been considered as most important and ubiquitous compounds in the plant kingdom (Naczk and Shahidi 2006) , which are beneficial for human health, decreasing the risk of degenerative diseases by reduction of oxidative stress and inhibition of macromolecular oxidation (Pereira et al. 2007 ). The antioxidant activity of phenolics is mainly due to their redox properties, which allow them to act as reducing agents, hydrogen donators, and singlet oxygen quenchers. Many mechanisms have been proposed to explain biological protective effects of polyphenols, which, for several years, have been often ascribed mainly to their antioxidant capacity. However, this view is now challenged by recent findings, and more complex actions are being investigated. Because of very low bioavailability of polyphenols and difficult translation of in vitro findings regarding antioxidant actions in to in vivo actions, the overall cellular antioxidant activity of the polyphenols appears to be debatable. Considering these findings, in the past few years, the dimensions of research on polyphenols have expanded beyond antioxidant activity unveiling several nutrition-pharma biological activities of these compounds in light of more complex molecular level mechanisms (Visioli et al. 2010) . Studies have demonstrated that, besides antioxidant and anti-inflammatory capacities, phenolics may engage with cellular signalling flow, controlling the action of transcription factors and subsequently affecting the expression of those genes involved in cellular metabolism and cellular survival (Chiva-Blanch and Visioli 2012; Giampieri et al. 2014; Forbes-Hernandez et al. 2014) . Olive oil phenolics have been found to decrease the cardiovascular mortality (Keys et al. 1986; Covas et al. 2006) . The beneficial effects of polyphenols in skin applications as antiinflammatory agents has been ascribed to the capacity of polyphenols in altering signal transduction and epigenetic regulation of gene expression (Pastore et al. 2011; Pastore et al. 2012; Rhodes et al. 2013 ). Another indirect way through which polyphenols may exert antioxidative protection is that these bioactive compounds might increase gene transcription of a factor that regulates enzymes involved in the antioxidant function (Na and Surh 2008) . The biological effects of polyphenols on metabolically active tissues affect insulin sensitivity, inflammation, lipid metabolism which could be triggered by activation of peroxisome proliferation activated receptors (PPARs) by polyphenols (Cho et al. 2010) . Recent studies (Sun et al. 2013 ) on prostate cancer cells revealed that polyphenols rich tea extracts inhibited cell proliferation, induced apoptosis, and provide reduction of the mitochondrial membrane potential. Apart from polyphenols, saponins are glucosides found in vegetables and their non-sugar moiety has been reported to show anti oxidant property (Chen et al. 2014) . The plant terpenoids are a large class of naturally occurring organic chemicals and are used extensively for their aromatic qualities as well as for their antioxidant activity (Papaefthimiou et al. 2014) .
Gourd vegetables are consumed worldwide and in India these vegetables have long history of their use in Indian ayurveda also. The health promoting ability of these vegetables is attributed to the antioxidant properties of various phytochemicals present in them (Saha et al. 2011) . Studies have revealed the presence of a wide range of secondary metabolites including flavonoids, triterpenoid, saponins and phenolic acids in gourd vegetables possessing distinct biological activities (Rizvi et al. 2009) . Gourd vegetables such as L. siceraria, L. cylindrica, Luffa acutangula and Cucurbita pepo have been reported for the presence of secondary metabolites such as alkaloids, flavonoids, glycosides, steroids and saponins, etc. which possess antioxidant activity (Irshad et al. 2010) . The antioxidant activity of M. Charantia and Cucurbia maxima has been attributed mainly to their phenolic acids content (Ibrahim et al. 2011; Kubola and Siriamornpun 2008) . The extraction mechanism and type and polarity of extracting solvents also have been reported to exert significant effects on extractability of phytochemicals and hence the in vitro antioxidative acitivity of plant extracts (Naczk and Shahidi 2006; Tsuda et al. 1994 ). The present investigation was undertaken to investigate the polyphenolic compounds and antioxidant potential of methanolic, ethanolic and butanolic extracts of selected gourd vegetables commonly consumed in India.
Materials and methods
The various chemicals and reagents used in the present study were of analytical grade and were purchased from SigmaAldrich fine chemicals (U.S.A.), Himedia (India), Fisher scientific (Fair Lawn. New Jersey) and from Merck (Darmstadt, Germany).
Preparation of vegetable extracts
Freshly harvested vegetables of bitter gourd (M. charantia), bottle gourd (L. siceraria), ridge gourd (L. acutangula), sponge gourd (L. cylindrica), pointed gourd (Trichosanthes dioica), pumpkin (C. maxima) and summer squash (C. pepo) were purchased from local market in Rohtak (India). The macerates (500 g) of washed, cleaned and peeled vegetables were separately extracted with 400 ml of methanol, ethanol and n-butanol respectively for 6 days at room temperature with intermediate shaking. After centrifugation and filtration, the filtrates were concentrated in a rotary evaporator at 45°C under reduced pressure (97.3 kPa) to a constant weight and stored in dark at -20°C.
Phytochemicals screening
Phytochemicals screening of the extracts was performed as described by Sofowora (1996) , Trease and Evans (1989) and Harborne (1984) .
Determination of total phenols content
The total phenolic content of the extracts was determined using Folin-Ciocalteu reagent (Zhou and Yu 2006) as gallic acid equivalents using regression equation of the standard curve for gallic acid (Y = 4.262× + 0.043; R 2 = 0.997).
Determination of total flavonoids
The method as reported by Meda et al. (2005) with some minor modifications was used for determination of flavonoides. The results were expressed as quercetin equivalents using regression equation from standard curve of quercetin as Y = 14.32× + 0.047; R 2 = 0.990). Determination of tannin content (Vanillin-HCl method). Condensed tannins were determined by slight modification of the vanillin method (Burns 1971) . The regression equation Y = 0.5523× + 0.0273; R 2 = 0.998 as obtained from the standard curve was used to express the results as mg equivalents of catechin/100 g (dwb).
Determination of β-carotene
The method as reported by Santra et al. (2005) was used for determination of β-carotene. The amount of β-carotene was calculated using regression equation Y = 0.1398× + 0.0463 (R 2 = 0.9809) as obtained from the standard curve.
Determination of antioxidant activity of extracts

Ferric thiocyanate (FTC) method
The FTC method was adapted as described by Kikuzaki and Nakatani (1993) . The percent inhibition was calculated from the absorbance value on the final day.
Thiobarbituric acid (TBA) method
The samples prepared for FTC method were also used to measure the percent inhibition by TBA method as described by Kikuzaki and Nakatani (1993) . Antioxidant activity was recorded on the final day of the FTC assay measuring the percent inhibition.
Ferric reducing antioxidant power (FRAP) method
FRAP assay was adapted as described by Moyer et al. (2002) . Based on the measured absorbance, the concentration of Evaluation of the free radical scavenging activity by DPPH assay DPPH free radical scavenging activity assay used by Chan et al. (2007) was used for determining the DPPH free radical scavenging activity of the extracts. The scavenging activity of each extract on DPPH radical was expressed as IC 50 (The effective concentration of the extract required for 50 % scavenging of DPPH).
HPTLC analysis of phenolic acids and flavonoid compounds
A densitometric HPTLC analysis was performed for the analysis of phenolic acids and flavonoids. HPTLC Silica gel plates (60 F 254 , 10 × 10 cm, Merck) were washed and pre developed with methanol and dried on TLC Plate heater (CAMAG, Switzerland) at 120°C for 5 min. The standard stock solution (0.1 mg/ml) and sample (100 mg/ml) was prepared in HPTLC grade methanol. These solutions were filtered through 0.2 μ syringe filter before loading in the sample syringe (Hamilton, Bonaduz, Switzerland). The sample (8 μL) was applied with a 100 μL sample syringe using automatic Linomat-5 system (CAMAG, Switzerland). The stock solutions of the reference compounds were prepared in methanol at different concentration levels (2-8 μL). The plates were developed in a vertical glass chamber (CAMAG) until the respective mobile phase i.e. solvent system I (6.4 chloroform: 3.9 hexane: 2.0 methanol: 0.5 formic acid) for detection of gallic acid, caffeic acid, quercetin, apigenin, kampferol and chlorogenic acid; solvent system II (4 chloroform: 1 hexane: 1 methanol: 1 formic acid) for detection of p-coumaric acid, leutolin, myricetin, catechin and ellagic acid and solvent system III (4.5 acetonitrile: 1.0 methanol: 0.5 water) for detection of ferulic acid, benzoic acid, cinnamic acid and vanillic acid) respectively rose to 80 % of the plate height. The developed plates were dried on TLC plate at 120°C for 5 min and cooled at room temperature. The densitometric evaluation was performed with a TLC scanner 3 (CAMAG) at wavelength 254 nm. The plate image was documented by TLC visualizer documentation system (CAMAG). The quantification and documentation was done by winCAT software. The peak table, peak display and peak densitograms were identified. The concentration of each compound was determined by using calibration curve prepared by plotting the peak area versus concentration of standard compound.
Statistical analysis
Three independent replicates (n = 3) were obtained from each treatment and the results were reported as means ± standard deviation (SD). Analysis of variance was performed by one way ANOVA analysis (SPSS 19.0) followed by Tukey's HSD post hoc comparison test at p < 0.05. Linear regression analysis between the % inhibition of DPPH and the concentration was done for each sample (n = 3) using a liner function. Pearson correlation coefficients among various antioxidant assays and phytochemicals were performed using SPSS 19.0 software.
Results and discussion
The present study was conducted to evaluate the antioxidant activity of selected gourd vegetables and, in particular, it investigated the influence of different extracting solvents had on polyphenolic compounds extraction and hence antioxidant activity.
Yield of extraction
Three extracting solvents namely methanol, ethanol and butanol were evaluated for their effectiveness to extract antioxidants from fresh gourd vegetables. A significant variation (P < 0.05) in the yields of different extracts ranging from 2.62 to 6.00 g/100 g (fresh weight basis) was observed among the selected vegetables. The yield of ME and EE was the maximum in case of L. acutangula whereas maximum yield of BE was observed in case of L. siceraria. The variation in extract yield depends mainly on the type of solvent, the extraction methods being adopted and the substrate (Sun and Ho 2005) . Solvents with low viscosity have low density and high diffusivity that allows them to diffuse easily into the pores of the vegetable cells to leach out the bioactive constituents (Naczk and Shahidi 2006) .
Phytochemicals screening
The phytochemicals screening of the selected gourd vegetables showed the presence of considerable amounts of flavonoids, tannins, saponins, terpenoids and alkaloids as shown in Table 1 . The results of the study indicated that among all the selected vegetables, M. charantia was the richest in phytochemicals including polyphenolic compounds whereas, these phytochemicals except alkaloids and saponins were absent in C. maxima. Flavonoids and tannins were found to be present in most of the extracts except C. maxima extracts. Tannins were present considerably in ME and EE of M. charantia and L. siceraria whereas; the same extracts of T. dioica showed considerable presence of flavonoids. Previous studies have established the presence of various phytochemicals including flavonoids (Ibrahim et al. 2011; Irshad et al. 2010; Sharma et al. 2012 ) and phenolic acids (Kubola and Siriamornpun 2008) in gourd vegetables. Flavonoids are considered as most popular natural antioxidants and effective secondary metabolic products as they help to provide protection against oxidation at cellular level by interfering in enzyme activity, chelation of redox active metals and by scavenging free radicals (Gyamfi and Aniya 2002) . The results of the present study on phytochemicals screening are also indicative of presence of flavonoids as the most prominent phytochemicals in almost all the selected gourd vegetables.
Quantitative testing of phytochemicals
A wide variation in contents of different phytochemicals was observed among the selected vegetables ( Table 2 ). The total phenolic content was significantly different among almost all the vegetables in their respective extracts (P < 0.05) and it varied in order of
The recovery of total phenolics content was the highest in BE and in different gourd vegetables it varied from 53.1 to 658.9 mg GE/100 g (dwb) whereas; it was the lowest in EE ranging from 56.1 to 463.6 GE/100 g (dwb). Studies have reported total phenols content ranging from 51.6 to 750 mg/100 g in various cucurbits (Lee, You, Hwang, Lee, Lee & Jun., 2012) . Phenolic compounds are considered as the main contributor to antioxidant activity in plant extracts due to their higher value in total phenolic content (Hodzic et al. 2009 ). The polyphenol antioxidant capacity has been taken into account as one of the outstanding mechanisms of action in inhibiting mutagenesis and cancer initiation, by means of their capacity to scavenge ROS, activate antioxidant enzymes, prevent carcinogen-induced DNA adduct formation, enhance DNA repair, and reduce overall oxidative DNA injury (Stoner et al. 2008 ). The flavonoids content in ME, EE and BE varied from 3.7 to 64.3, 3.7 to 84.8 and 10.4 to 278.9 mg QE/100 g (dwb) respectively and it differed significantly (P < 0.05) among all the vegetables in their respective extracts. C. pepo, L.siceraria and L.cylindrica exhibited the highest concentration of flavonoids in ME, EE and BE respectively. Maximum average concentration of flavonoids (97.8 mg QE/100 g dwb) in the selected vegetables was observed in BE followed by EE and ME. Wide variations in flavonoids content (150-630 mg/ 100 g) in different extracts of L.cylindrica have been reported (Sharma et al. 2012; Lee et al. 2012) . The flavonoids are the 
+ Present moderately, ++ present strongly, − Absent ME Methanolic extract, EE Ethanolic extract, BE Butanolic extract main bioactive compounds found in fruits and vegetables and in particular, vegetables flavonoids have been reported to be dominated by glycosidic flavonols (Han et al. 2007 ). The tannin content among the selected vegetable extracts ranged from 1.8 to 24.4 mg CE/100 g (dwb). Average tannin content of the selected vegetables in different extracts was in order of ME (7.3 mg CE/100 g) < EE (9.7 mg CE/100 g) < BE (10.4 mg CE/100 g). Recent interest in tannins has been stimulated by the potential health benefits arising from the antioxidative activity. Good contribution of tannins in antioxidant activity has been observed by Gomes de Melo et al. (2010) . The results showed that the carotenoids content of L. siceraria, M. charantia and L. cylindrica measured as β-carotene was significantly higher when compared to remaining gourd vegetables (P < 0.05) with M. charantia exhibiting the highest content in all types of extracts. The total carotenoids content of the selected gourd vegetables varied from 0.2 to 22.0 mg β-carotene/100 g (dwb) in various extracts. Previous studies have reported wide variations (0.006 to 7.4 mg/100 g) in β -carotene of different gourd vegetables (Dey et al. 2005 ).
Antioxidant activity of vegetable extracts
The antioxidant capacity might be influenced by several factors and could not be fully described by a single assay. In addition, most natural antioxidants are multifunctional and therefore, a reliable antioxidant evaluation protocol requires different antioxidant activity assessments to take into account various mechanisms of antioxidant action. A number of methods and variations have been developed and applied for the assessment of antioxidant capacity but very often (Niki 2011) . Therefore, in the present study also the antioxidant activity was assessed using different assays based on different approaches. The results of total antioxidant activity of different extracts as determined using different assays are as described in Table 3 .
FTC and TBA methods
The FTC method was used to measure the peroxide level during the initial stage of lipid (linoleic acid) oxidation. The results of percent inhibition of ME, EE and BE showed that the magnitude of antioxidative potency varied with the type of extract as ME showed maximum percent inhibition (41.2 %) followed by BE (28.8 %) and EE (24.2 %) respectively. This could be because of difference in the type and concentration of antioxidative compounds in these extracts. The results of correlation studies as shown in Table 4 revealed a highly significant and positive correlation of the FTC assay results with phenols content as well as carotenoids content suggesting that phenols and carotenoids were the main compounds responsible for the antioxidative activity of the gourd vegetables as described by FTC method. These results are in agreement with Values are presented as mean ± SD (n = 3) and referred to the dry weight. Means in columns followed by different letters differed significantly at 5 % level of significance (p < 0.05) GE Gallic acid equivalent, QE Quercetin equivalent, CE Catechin equivalent ME Methanolic extract, EE Ethanolic extract, BE Butanolic extract Values are presented as mean ± SD (n = 3) and referred to the dry weight. Means in columns followed by different letters differed significantly at 5 % level of significance (p < 0.05) FTC % Inhibition of BHT = 88.8 ± 0.28, Vit. E = 74.6 ± 0.16 TBA % Inhibition of BHT = 90.9 ± 0.47, Vit. E = 78.3 ± 0.19 IC 50 value of Ascorbic acid = 0.005 mg/ml ME Methanolic extract, EE Etanolic extract, BE Butanolic extract the previous studies which have reported the positive correlation between phenol content and total antioxidant activity (Kubola and Siriamornpun 2008) . Although total phenols content of the EE and BE extracts was also comparable to that of ME, but the antioxidant activity of the EE and BE was much lower as compared to ME. Similarly, the flavonoids and carotenoids content of the ME of the selected vegetables was also lower in comparison to the EE or BE but still the antioxidant activity of the ME was higher. These observations in the present study suggested a wide variation in the nature and kind of phenolic and carotenoids compounds recovered in the different solvents and hence differences in the antioxidative potency of the extracts. The effectiveness of phenolics and flavonoids as antioxidants is not only because of their composition or relative amount but also influenced by the degree of polymerization, concentration and interaction of their diverse chemical structures to the colorimetric assays. Polymeric polyphenols are more potent antioxidants than simple monomeric phenols (Moure et al. 2001 ). Thus, the higher levels of TPC and TFC do not necessarily correspond to the higher antioxidant responses (Parejo et al. 2002) . During the oxidation process, peroxide is gradually decomposed to malonaldehyde, which was measured by TBA method on the final day of the incubation period. Percent inhibition as measured by TBA method in various types of extracts revealed wide variations among the selected vegetables being highest for ME of L. siceraria (83.8 %) followed by EE and BE of L. siceraria (81.9 %) and M. charantia (80.9 %) respectively. Again the ME of the selected vegetables showed the highest percent inhibition when compared to their EE or BE. As observed in case of FTC method, a highly significant and positive correlation of the TBA results with phenols content as well as flavonoids content indicated that phenols and carotenoids were the main phytochemicals responsible for the antioxidant activity of the gourd vegetables as described by TBA method. A very high positive correlation (r = 0.99, P < 0.01) between FTC and TBA assay showed that the increase in peroxide level caused formation of malonaldehyde compounds (Zin et al. 2002) .
Ferric reducing antioxidant power (FRAP) method
As indicated by the results of FRAP assay given in Table 3 , significant differences were observed in the FRAP values among most of the vegetables in their respective extracts (P < 0.05). The average FRAP values of the all the selected vegetables, varied from 816.6 to 1015.4 mM FeSO4/100 g being highest in BE followed by EE and ME. The antioxidative activity of all the three types of extracts of L. siceraria, M. charantia and L. cylindrica as determined with FRAP method was significantly higher (P < 0.05) when compared with remaining gourd vegetables in their respective extracts with BE of L.siceraria showing the highest antioxidative activity. The results of correlation studies have indicated highly significant positive correlations of FRAP values with total phenols, flavonoids and carotenoids suggesting that FRAP assay best described the antioxidative activity of gourd vegetables and the antioxidative activity was mainly ascribed to the phenols and carotenoids content. These results were in agreement with observations of Kubola and Siriamornpun (2008) and Butsat and Siriamornpun (2009) who reported a positive correlation of total phenols with the FRAP value.
DPPH radical scavenging activity
The DPPH method is used to estimate the radical scavenging activity of antioxidant compounds. Free radical scavenging activity for DPPH radical was expressed as IC 50 value (the concentration required to scavenge 50 % of DPPH). The antioxidant activity as adjudged by IC 50 values of different vegetables was in order of
The free radical scavenging activity of the EE was the highest where as reverse was true for BE. Interpretation of the results of DPPH free radical scavenging power in light of the results as shown in Table 2 showed that radical-scavenging activity differs not only by the concentration of phenolic compounds but also with the nature and kind of phenolic compounds which may vary with degree of hydroxylation and polymerisation (Moure et al. 2001) . Statistical correlations as shown in Table 4 revealed significant positive correlations of DPPH results with total phenols and carotenoids indicating that scavenging activity of the gourd vegetables extracts was ascribed mainly to their phenols and carotenoids. Sun and Ho (2005) ) also reported a significant correlation between total phenols and scavenging effect of DPPH.
Identification of phenolic acids and flavonoids by HPTLC
Considering the fact that the average antioxidant activity of ME of the gourd vegetables was reasonably higher, the ME of gourd vegetables were identified and quantified for their phenolic acids and flavonoids by comparing their Rf value. The HPTLC profiles of ME of all the vegetables in solvent system I, II and III are as shown in Figs. 1, 2 and 3 respectively. The distribution of phenolic acids and flavonoids as detected from HPTLC profiles revealed the presence of chlorogenic acid, cinnamic acid, myrecetin, apigenin, rutein and catechin in concentrations of 303.3, 8.5, 53.1, 3.7, 727.8 and 263 .8 μg/ ml respectively in C. pepo. Rutein, one of the primary flavonoids present in C. pepo, has been studied for beneficial human health effects, such as antioxidant effect and antiinflammatory effect (Koda et al. 2008) . Chlorogenic acid (66.5 μg/ml) and ferulic acid (37.3 μg/ml) were detected as phenolic acids in ME of C.maxima whereas; no flavonoid amongst the studied flavonid compounds was detected in C.maxima extract. This observation was in agreement with the results of qualitative testing which showed absence of flavonoids in C.maxima extracts. However, presence of flavonoids, although in trace amounts, as suggested by the results of quantitative estimation indicated that there could be flavonoid compounds in C.maxima other than those studied. Myrecetin and rutein in concentrations of 28.7 and 0.8 μg/ ml respectively were present as flavonoid compounds in T.dioica. Interestingly, L.acutangula showed only benzoic acid as phenolic acid present in significantly high concentration (1817.5 μg/ml . HPTLC profiles of ME of different gourd vegetables as developed in solvent system I (6.4 chloroform: 3.9 hexane: 2.0 methanol: 0.5 formic acid) activity (Miyoshi et al. 2007) . Leutolin, which is categorized under flavones and was present only in M.charantia, has a variety of pharmacological activities including anti hypertensive and antioxidative effect (Qian et al. 2010 ). In L.cylindrica, a concentration of 26.8, 18.4, 49.6, 8.6 and 35 .7 μg/ml was observed for gallic acid, caffeic acid, ferulic acid, cinnamic acid and myrecetin respectively. The previous studies have reported vanillic acid, benzoic acid, caffeic acid, ferulic acid, prottocatechuic acid, myricetin, quercetin, kaempferol, leutolin and apigenin in different fractions of gourd vegetables (Irshad et al. 2010; Kubola and Siriamornpun 2008) .
Conclusion
From the results of the present study it can be concluded that the gourd vegetables especially L. siceraria, M. charantia and L. cylinderica are rich source of phytochemicals like phenols, flavonoides and carotenoids to varying extents. The high antioxidant activity of gourd vegetable extracts could be attributed to their high levels of phenols and flavonoid compounds in particular. Butanol can be recommended as most appropriate solvent for the recovery of phytochemicals and hence increased antioxidant activity from gourd vegetables of L.siceraria., M.charantia and L. cylindrical whereas methanol could be most effective solvent for the vegetables of C. pepo, C. maxima, T. dioica etc. To measure the antioxidant capacity of selected gourd vegetables, we suggest that FRAP assay as most appropriate method. The results have also indicated that the nature of the extracting solvent could also affect to a great extent the kind and concentration of extracted compounds and measurement of the antioxidant activity in vitro. From the observations of quantitative testing and HPTLC profiles of the extracts, it can also be concluded that there could be even wider range of phytochemicals in gourd vegetables. Therefore, more detailed qualitative and quantitative analyses of the phytochemicals in gourd vegetables will be necessary to elucidate the antioxidant activity of gourds. Studies are also required to evaluate the comparative efficacies of various phytochemicals in gourds regarding their antioxidant potential.
